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The establishaent and validation of a learning 
hierarchy for use in the teaching of selected principles and 
strategies vas useful in judging a conditional arguaent in the 
faailiar content doaain. Preservice eleaenteury teachers vere 
instructed in two basic skills: (1) translating a siaple arguaent 
froa verbal to syabolic fora, and (2) judging the validity of a 
siaple arguaent given in syabolic fora. Several sequences, vith and 
without a 6agne guided thinkii^ coaponent, vere investigated. 
Subjects attained the first skill readily, while the sequence 
providing the learning of the second skill prior to the first 
appeared to be the better one. The guided thinking inforaation 
appeared to have no significant influence on the attainaent of the 
terainal objective, judging a siaple conditional arguaent presented 
in verbal fora. (Author/SB) 
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THB imBLxmsm and valxoatior of a coRRXcntDii vtm/jKcat 

VBStCSm FOR OSB ZH TEACSim SELECTED PRZKCXPLES 
AND STSAIEGZSS OF AS ASFSCT OF CEZTICAL THZmtRS 

The develofnasnt of tt^ critical thii&lng fdbillty of Individuals la 
one of the li^llclt atea of cognitive activity. Zi^^, aoat edtteatora 
nould agree that crltleal thinking developaant la one of the aoat Hb- 
portant outeemea of aathoBatica ^hicatlcm. Onder cnrrent eurrlcular/ln- 
etructlonal drcmatancea, however, there la evldoice (e.g., Ennis and 
Faults, 1965; Gardiner, 1966; Fanloa, 1967; B0t>arge, 1970j Keberge and 
Paoloa, 1971; Janaaon, 1973) that too many elesttntary and semdaxy aehool 
atndenta and preaitectlve eleasntary a^ool teacters have algnlf leant 
deflelenclea in their critiea] thinking coapetenelea. Hhlle there have 
been aeveral att^i^ (e.g., Hyrcn, 1957; Easda and Faolna, 1965; &mla, 
Snlth, Wilaon, and Finkelateln, 1969; liason, 1973) that have atteiqited 
(with Uttle sttceeaa) to teadi critical thinking, ^>{iarently there la no 
explicit hierarchical learning atruetttre avdLlfiltle to the learner whicih 
la especially designed for the attainoent of critical thtnWng e&Uity in 
general. In particular, at pr^^at there la no explicit hierarchical 
learning structure avaUable to asalst ti» learner in the acquisition of 
the ablUty to correctly judge the validity of verbal sis^le deductive 
argisaenta, f0hlch la one of the lnqMrtant aspects (or behovlers) of criti- 
cal thinking. 

Is it possible to (tevelop and validate a hierarchical learning atruc- 
ture for the attainoent of the cos^tency to correctly judge tf^ validity 



o£ vei^al sisple ded«»tiire acgtaseats? Zb order to ^istmr this qn^tioa* 
mie approach is to first coi^trtttt a "fh^retieally souod" hierardiical 
leaning structure for this eoiq>et^e7 over a particular e<mt^t area and 
thai test the structure using precisely stated instruetioial hypotheses. 
Accordingly, a najor aspect of this study vaa an atteapt to specify, 
develop* and validate such a hierardiical structure «hidi could be meful 
to matheaatics educators in assist lios learners » especially prospective 
eleaeutary school teachers, in the aei{uisitiffiA of the ability to correctly 
Judge the validity of verbal 8i8|>le arguiaents of ttm cwiditional type. 

In cotmection with craverslng a hierarchical learning structure, 
there is evidence (Heinier, Lottes, and Klein, 1971, Voluae XX) to indi- 
cate that too oft^ %Amk leatners have successfully adiieved all the sd>- 
ordinate t^ks in a hierardiy they sMsehoi? fail to (^Mleve the tere^nal 
ta^. eagne <1967) has sv^ested that the reason for ^is occwreace is 
tlui lack of a guided thinking information (G71) conpoi^t in the hierardiy 
prf jr to perfonaing the terminal task. Xn this sti^, the CTZ cos^piment 
vas & verbal statement idoatifying for the learner the 8«d»ordinate tasks 
(behaviors) he has sintered in the hierardiy. the utility of this iN>tii»i 
of a GZl coiaponent in the aforementioned hierarchy wm also investigated* 

The Hethod 

Some Basic Definitions and Itotation 

For the purposes. of this investigation, the term critical thinking 
was defined as the **correct luisesaing of statements" (Ennis, 1962, p. 82)« 



TIms term sitaple deductive argument was defined as a diain of reasoal^ 
involving stateaetits or propositions, vhere the first two propositions are 



presises (assuaed to be true) aid the third oae is the coaelusimi drova 
trcm the prettier* A sinple deductive argttaant is ceaditioiial if one of 
the pm^Aes is a cosditicmal statoaent. 



yc^^ fona (V) of a aiople d^uctive argtaaent is ime in triiidi 
each occurrence of aa antecedent or consequent cw^Kinent in the argu* 
ftenL is presented as a verbal siaple sentence in the concrete^faodliar 
content detain. A evtawlic form (S) of a sinple < Inductive argmsent is 
one in whidi each occurrence of mi antecedent o\ iimsequ^t ooaptmeiat 
in the argunant is repres^ted by a stateaoat varf. le. 

The folloirins special notation vas ad<^ted tw facilitate tim clm- 
8ificati«m and analysis of the tecalnal task and the statesmt of hypothe- 
ses eiven below. Additional information ^out this notation, and other 
details of the study » are given in Shipman (1973). 



1. Ji A JtK^oent of the validity of a simple deductive 
argument of the conditicmal type. 

2« (M»H) : Aa jectiwe «^ere V toiotes the dvcn ^mponent 
of the objective and N demies the Required Per- 
formaneg c(sq»ottent of the <ri)lectl«e, 

3. t1 N: An instructional seqimnce •ihose purfMSse is the ac- 
cocplishn&nt of objecti^ (K»N). 

A 

A, M N: The achievement of objective (M,N) as a result of 
interacting with instructional sequMMS M N 
which has been deemed a^quate according to some 
well-fonrntlated criterion; for esa^le, let n be 
the ntaaber of sid»jeets «4to fail to reach criterion 
<m a pretest for a given c^Jective, and let s be 
the ntad>er of subjects reaching criterion after 
instruction. Then, the instruction is deen^ a^te- 
quate if s/n is greater th^oi or eqiMl to ,60, 



Speciftcactoa aod PevelopBient ot the Hierarchy 

The ir*itial step toward specifying aad developing a hiarardiical 
leaning structure for the terminal heavier (task), the correct validi- 
ty Judgnents of verbal sia^le conditional argmraits, was the use of Gagne* 
task analysU procedure. (This terminal behavior was denoted as the ob- 
jective (V,J)). The set of std>ordinate b^aviors (tasks) g&urated as a 
result of the task analysis is listed belov: 

(1) the correct trouilation of verbal siaple dedi^tive 
arguoents to synbolic form (denoted as iastnictioBal 
objective (V,S)), and 

(2) the correct validity jud^aents of sisqile deductive 
argts^ts given in synbolic foxn (d^ioted as instruc- 
tional ^jective (S,J)). 



In this study, the proposed hierarchical learning structure fr<m 
these objectives, together with the guiited thinking information (GTl), 
is depicted in Figure 1. 




Figure 1 

Proposed Hierarchical Learning Structure 



The Hy^thea^ 

The g«^ral hypotheses nrobad in this study are stated below: 

HI. 00: The set of behaviors, (V,S) and (S,J), alone does not constitute 
a set of sufficient behaviors for the acquisition of the tenainal 
behavior (V,J). 

H2.00: The set of behaviors, (V,S) aoA (S»J), together with guided think- 
ing Inforoation, constitutors a sufflclirat set of suliordlnate be- 
haviors for the acquisition of the tenainal b^avior (V,J). 

H3.00: The order of acquisition of the b^avlors, (V,S) mid (S,J), but 

followed by guided thinking Infomatlon, is isaaterlal to the sub- 
sequent acquisition of the terminal behavior (V,J). 

Based on this set of general hypotheses , a total of 36 consequent 
hypotheses, each given in both verbal and syslMslic foros. yas formilated. 

Instructional tiatarlals 

Carefully controlled and documenfr<^^ Instcuctional ^Isodes for Ob- 
jectives (V,S) and (S,J) were written. Involving tiM contcapooitive, con- 
verse, and transitivity principles of conditional logic. These three ele- 
stentary principles are susaarized and illustrated in Tfi^le 1. 



A Bodlfled version of the Xuleg systeo described by Bvans, Glaser, cmd 
Bmbbb (1962) was vm&6 in conjunction with explicit flow diagrams. 
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Table 1 

Three Prfjidples la Coodltioaal Logic 





FrincioU VaUd 


SyiBbol' ' f ora 


8«tDle Verbal fom 


Coatra^itive Tee 


U P. jti Q. 


Zf tiie ear ia blad&» thai it 




Sot Q. 


ia a police car* 




.'. • not P. 


The car ia iM>t a police ear. 






the car ia not black. 


lUmvevse Ho 


If P, th^ Q. 


Zf the ahirt ia green* then 




Q. 


Z will w^r it* 




• P 

■ • § ft a 


Z will tiear the ahirt. 






**., the ^rt ia greoi. 


Trensitivity Tee 


If P, then Q. 


Zf it ia Jin, then it la 




If Q, then R. 


tine to go* 




•*• t if P( tiien R> 


Zf it ia tine to go, then 






call se* 






**., if it ia JiB. then call 




The aajor con^poneiit in che inetraetien on d»jeetive (V,S) vaa Ae use ot 


aifi^le nilea end ocaaaplea to explicate the ccmeq^t ot traaalatiag atstesMata 


saA aiaple Moditiooal eurguBenta froa vecbal to 87«bolie fom. On the other 


hand, the aajor ooa^oaent in the inatroctioo «i objective <S,J) waa the uae 



of Yarn diagrma to aaeiat the learner in jodping the validity of aiaiple con- 



ditional argtnenta given in ayobolie form. 

In conatructing the epiaodea for these inatructional obj^tivea, it waa 
poaaible to organiae aequeacM of inatructioa in the following aaaier for the 
purpoae of setting the framework for validating the hierarchy propoaed earli- 
er. Fron the taafc analyaia of the teminal objective (V,J) , the sain inatmc- 
tional objectivea, (V,S) end (S,J), were arrmi^d in a^uential orders (V,8) 
alone, (8,J) alone, ((V,S), (S,J)}, and {(8,J), (V,S)}, reapectively. Bf 



ERIC 



adding the guided thinking infenatioa (GTX) eos^oaent to each of the 
latter two sequeptial orders, it was possible to formlate the two ftmda- 
Mtal instruetiooal sequences, {(V,S), (S,J), GTX) and {(S,J), (V.S), GTX}, 
each of which is an ortered seqinnce. The iastrt^tional epis^es at^ seqitttaees 
were presented on an Xffif 1500 Coiiqmter-Assisted Xnstroetioo (CAX) Systea. 

Exoeriaental Procedure 

A sasqile of IIS prospective elMwntary school teachers (Juniors and 
seniors) in Math Bd 420 course at The Pennsylvania State tlniveraity were 
given the (V,J) pretest via CAX tersHnals. Subjects passing or failing 
this pretest were randMsly aaaigned by the cotsputer to tid» either the 
(V,S> pretest or the (S,J) pretest In order to detexsdne whether they 
could perform the st^rdinate tasks without explicit instruction. At 
this point no further use was nade of those subjects originally passed 
the (V,J) pretest. They were branched by the eoaqpnter to the end of the 
study. Those subjects wbo originally failed the (V,3) pretest were eli- 
gible for one of the af c teaentloned instructional sequences or treatsentts. 

Ron-paraaKtrie statistical tests were ea^loyed in testing the hypothe* 
ses. The Binonial Probability Test was used to test the conditional type 
directional consequent hypotheses, while the Pisher Exact Pr^fi&ility Test 
was used to test the directional mid non-directional consequent hypotheses 
involving two independent groups. Both pr^abillty tests were wli^ with 
a set at .20 since a type 2 error was deeaed aore costly than a type 1 error* 
MorMver, no tn» test of an hypothesis could be made if m adequacy r^ulre- 
flwnt of SOX was not set for each of the naln instructional episodes in the 



lii8trt»tional sequence voder eooslderetion. 
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Resttlts 

i^teq«laev of tost met leaaX Epleodea 

Hie aajor instn»tioiial objectives involved In this InvestlgstioD. 
along vittk a snple criterion perforaance Iten* ere indicated in TebXe 2* 
In tlie tiible, note that Principle 1, 2, and 3 refer to the contrapoeltlve, 
converse, and transitivity principles, respectively. 

Ti^le 2 

The Haior Inatructlonal Obl^tiviM Eaploved in Study 



A. Objective (V,S) 
Clvwa 

A siayle deductive argu- 
neat of the conditional 
type in verbal f om (V) 
Involving principle 1, 2, 
or 3* 



Required Perforaan^ 

Select f roo a set of three al- 
ternatives the one that is a 
corr^t trai8lati<m of the ar- 
gtment into srabollc fom (S)« 



Saaole Criterion Perforaan^ Iteai ; 

Given the verbal arguarat 

If it rains today, then it irill atimt tonorroif. 

It will not enow t<»errow. 

It did not rain tmiay. 

Which one of the folloirlng sysbolis^ the ^^ove argueent? 

2. 



Criterion 

2 out of 3 
itesB over 
principle 1, 
2, 3« respec- 
tively (no ^ 
tine liadt). 



1. If A, then B. 
Not A. 



Xf A, then not B. 

Hot A. 

Hot B. 



**3. Zf A, th^ B. 

Itet B. 

!lo& A. 



Ts&Xe 2 (cone.) 



B. m>Jeetiv0 (s,J> 



Given 



Heqtttred Perfonaaace 



A siisple deductive argu- Select from a set of three 

stent of the conditional alternatives the correct 

tfpe in synS>olic form (S) one for the validity Judg- 

involving principle 1, 2, ment (J) of the arguaent. 
or 3. 

Sample Criterimi Perfomance It. t 

Suppose you know that 

If P, then Q. 
Not Q. 

Then would this be true? 



Criterion 

2 oat of 3 iteas 
over principle 1, 
2, 3, respectively 
(no tine limit). 



Itot P. 
**1. TSS 



2. IK) 



3. mrvE 



Ikhis staten^nt should be interpreted as 2 for 3 it«BS over prin. 1,2 for 3 
^it&as over prin. 2, and 2 for 3 item over prin. 3. 
Correct answer. 

Separate instructional episodes were prepared for each objective, and 
the data relevant to the adequacy of these episodes are displayed in Table 
3. 
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Table 3 

SuBBBary of the Heasurfe of Adequacy for Ea^ Haiof Inetntctional Episode 



Ito. in G* pas- 
sing poottest 
on objective 
after instmc- Ade- 

tlon quacy Decision on 

ratio: ad^uacy of 

Instructional . s instructional 

Objective Sequence a(C")^ p(G*) a(G'> episode^ 

(V,S) ^ 56 10 9 . 90 Adequate 

(S.J) S^J 43 42 21 .SO Not adequate 



a 



Nuadber of students in G", where G" represents students who failed the 
(V,J) pretest and subsequently encountered the pret&st on an instruc- 
tional objective. 

Wlusiber of students in C*, where G' represents students in G" who failed 
the instructional objective pretest. 

^hnBber of students in G* who passed the instructional objective posttest. 
^The episode is adequate it adequacy ratio is >..80. 

Discussion 

Si&ject to the limitations of generalisability iisposed by the charac- 
teristics of the basic saiople, the specificity of the si;^ject matter, and 
the inadequacy of the (S,J> instructional episode «ltich probi&ly indicates 
that the episode was applicable to only a special high ability group of 
the subjects tested, the following interpretations a&m warranted; 

1. Neither the achieveo^t of objective <V.S) alone as a result of 
adequate explicit instruction nor achieveisent of objective (V,S) without 
explicit instruction is enough to expect the attainsent of objective (V.J). 
It appears evident that (V.S) to (V.J), without e^diibiting sos» inters^iate 
behavior (s), is not tencble. 



2. Achieve&enc to ctiterion on objective (V,S) without explicit in- 
sttuction and then achievement to criterion on objective (S,J) with or 
without the benefit of explicit Instruct ion » does not itnply achievement tp 
criterion on the terrainal (or transfer) objective (V,J). On the other hand, 
a post hoc analysis of the data relevant to the {(S.J), (V,S)} Instructional 
sequence suggests that the achievement of objective (S,J) as a result of ex- 
plicit Instruction, followed by the achievement of objective (S,J) as a result 
explicit Instruction, followed by the achievement of objective (V,S) without 
explicit instruction, implies the achievetaent of the terminal objective (V,J). 
Thus, it appears to be evident that a hierarchical arrangeoent of objectives 
from (S,J) to <V,S) to (V,J) is tenable. 

3. Mastery of the terminal objective (V,J) docs imply mastery of ob- 
jective (V,S) but does not iraply mastery of objective (S,J). 

4- Achievement of objective (V,S), followed by the achieveaent of ob- 
jective (S.J), both as a result ol explicit instruction, followed by guided 
thinking information (GTI) implies the achievement of the terminal objective 
(V,J). However*, this interpretation must be considered as highly tentative 
in that the result obtained is based only on a small number of subjects. In 
light of this, the proportion of subjects achieving the terrainal objective 
(V,J) as a result o2 the above is significantly greater than the proportion 
of subjects achieving the terminal objective (V.J) as a result of explicit 
instruction to criterion on objective (V,S), and being unable to demonstrate 
mastery of objective (S,J) without explicit instruction. 

5. Achievement to criterion on objective (V,S) without explicit in- 
struction and then achievement to criterion on objective (S,J) as a result 
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of explicit instruccion. In any order, followed by guided thinking infonaation 
does not Inply naotery of the tenainal objec;.ive (V,J). 

Based on the above results, it was not feasible to generalize con-<* 
ceming all the traversing paths in the hierarchical structure proposed 
in Figure 1. 

Conclusion 

In general, the results discussed above were interpreted to indicate 
that prospective eletientary school teachers, subject to the conditions 
of this study, are able to deoonstrate mastery of the terminal objective 
(V,J) as a result of explicit instruction to criterion on objective (S,J), 
followed by achieveoent to criterion on objective (V,S) withotst the benefit of 
explicit instruction, and without the benefit of guided thinking infomation 
as defined. 
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